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® Air-fuel mixture supply apparatus for Internal combustion engine. 
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@ An aiMuel mixture supply apparatus for a internal combustion engine in which the quantity of air sucl<ed into 
each cylinder is measured and fuel of the quantity proportional to the measured air quantity is supplied into the 
measured air flow to thereby control the concentration of the air-fuel mixture exactly. 
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AIR-FUEL MIXTURE SUPPLY APPARATUS FOR INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

The present invention relates to an internal combustion engine air-fuel mixture supply apparatus for 
controlling air and fuel supplied to an internal combustion engine. 
5 A so-caiied sequential injection system is employed in conventionally proposed fuel injection ap- 
paratuses. This system is well known as disclosed, for example, in Japanese Patent Unexamined 
Publication No. JP-A-63-31 4335. 

The sequential injection system is arranged to Inject fuel successively just before air-intake strokes of 
the respective cylinders, 

10 In this case, the quantity of fuel to be injected is determined fundamentally corresponding to the output 
of an air flow meter provided in a downstream side of an air cleaner. 

The air flow meter and each cylinder are connected to eacii other through an air-intake passage. 
Accordingly, the quantity of air sucked into each cylinder and the quantity of air metered by the air flow 
meter at the same point of time are different from each other. 
15 In short, the output of the air flow meter merely exhibits the past air quantity. 

Accordingly, the fuel quantity determined based on the output of the air flow meter at a certain point of 
time has no relation to the quantity of suction air taken into the cylinder at that certain point of time. 

Accordingly, the concentration of the air-fuel mixture in the cylinder cannot be determined exactly. 
There arises a problem in that irregular combustion and fluctuations in rotation occur. 

20 

SUMMARY OF THE INVENTION 

An object of the present invention is therefore to provide an apparatus in which the quantity of air 

25 sucked into each cylinder is detected and fuel Is injected into the cylinder m an air-intake stroke in which 
the air is sucked into the cylinder so that the concentration of the air-fuel mixture in the cylinder can be 
controlled exactly. 

In order to attain the above object, according to an aspect of the present invention, the air-fuel mixture 
supply apparatus for an internal combustion engine comprises: 
30 a cylinder air quantity detection means for detecting air quantity at an inlet to at least one cylinder: 

a control means for calculating a fuel quantity proportional to the output of the cylinder air quantity detection 
means and for generating a signal to supply fuel in an air-intake stroke of the cylinder: and 
a fuel injection means for injecting fuel in the air-intake stroke of the cylinder based on the signal of the 
control means. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present invention will be apparent from the following description 
40 taken in connection with the accompanying drawings, wherein: 

Fig. 1 is a schematic diagram showing the whole configuration of an embodiment of the present 
invention; 

Fig. 2 is a view for explaining the operation of the apparatus depicted in Fig. 1: 
Rgs. 3A and SB dare views for explaining the air-intake stroke and the injection period; 
45 Figs. 4A and 4B are views showing the characteristics at the time of acceleration; 

Fig. 5 is a diagram showing a specific example of the configuration of the apparatus depicted in Fig. 

1: 

Figs. 6A, 6B. 60 and 6D are views showing the relationship between the air-intake stroke and the fuel 
quantity; 

60 Rg. 7 is a view showing an example of the construction of the injection valve; 

Figs. 8 through 1 1 are characteristic graphs of the present invention; 
Fig. 12 is a view showing another example of the construction of the injection valve; 
Fig. 13 is a graph showing the frequency-fuel characteristic; 
Rg. 14 is a diagram of an individual cylinder control circuit; 
Rg. 15 is a diagram showing a specific example of the circuit depicted in Rg. 14; 
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Rg. 16 Is a time chart; 
Rg. 17 is a diagram of a modulation circuit; 
Rgs. 18A. 18B. 18C and 180 are time charts; 
Rgs. 19 through 21 are flow charts; 
5 Rgs. 22 and 23 are views showing a further example of the configuration of the injection valve; 

Rgs. 24 and 25 are characteristics graphs; 
Rg. 26 is a view of another modulation circuit; 
Rg. 27 is a characteristic graph; 

Rg. 28 is a schematic diagram showing the whole configuration of another embodiment of the 
10 present Invention; 

Figs. 29A through 29E are views showing the characteristics at the time of acceleration; 
Rg. 30 Is a flow chart 

Rgs. 31 A through 31 E and 32A tiirough 32Q are time charts; 
Rgs. 33 through 36 are characteristic graphs; 
75 Rg. 36 is a diagram showing a specific example of the configuration of the modulation circuit 

depicted in Rg. 26; 

Rg. 37 is a schematic diagram showing the whole configuration of a further embodiment of the 
present invention; 

Rg. 38 Is a diagram showing a specific example of the configuration of the apparatus depicted In Rg. 

20 36; 

Rgs. 39A through 39F are view showing the characteristics at the time of acceleration; 
Rgs. 40 and 43 are views showing examples of the configuration of the injection valve; 
Rgs. 41 A, 41 B and 41 C are time charts; 

Rgs. 42 and 44 are block diagrams of the injection valve control circuits; 
25 Rgs. 45 and 48 are views showing examples of the configuration of the injection valve; 

Rgs. 46A. 468 and 46C and 49A, 498 and 49C are time charts; 

Rg. 47 is a diagram showing the configuration of a further embodiment of the present invention; 

Rgs. 50A through SOD, 51 A through 51 D. and 52A through 52E are time charts; and 

Rg. 53 Is a diagram showing tiie configuration of a still further embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present invention will be described hereunder. 

35 Rgs. 3A and 3B show the relationship between suction air and supply fuel in each cylinder. Specifically, 
Fig. 3A shows the case of conventional multiple fuel sequential injection. When an intake valve Is opened, 
the suction air quantity Qg increases as a piston comes down. The suction air flow takes its maximum value 
In the middle of an air-intake stroke (from a top dead center, that is, a TDC, to a bottom dead center, that is. 
a BDC). Then, the suction air quantity decreases toward EDO. In a conventional apparatus, an air flow rate 

40 produced by tiie air intake is detected in a suction pipe collecting portion provided in a downstream side of 
an air cleaner; the fuel quantity Q| corresponding to the detected air flow rate is determined by a 
microcomputer; and the fuel of the determined quantity is Injected into an air-intake port portion just before 
a next air-intake stroke (Qa ) of the cylinder. In the aforementioned conventional system, the supplied fuel 
quantity Or cannot correspond to the suction air quantity Qa' actually taken Into the cylinders That Is, the 

45 microcomputer determines Qi to make the air-fuel ratio Oa/Q( constant. However, the air-fuel ratio of the air- 
fuel mixture actually taken in the cylinder is Qa'/Qi which is different from the value determined by the 
microcomputer. In short, the relation QJQt # Qa'/Qi is established because the supplied fuel quantity Is 
delayed by one cycle. 

On the other hand. Rg. 38 shows the case of the present invention. In this case, upon generation of 
60 suction air. while the suction air quantity Qa is detected, real-time supply of fuel of the quantity Qi 
corresponding to the detected value of the suction air quantity Qa. In short, fuel of the quantity conrespond- 
ing to the suction air quantity is supplied simultaneously with the detection of the suction air quantity Qa- 
According to the present invention, the air-fuel ratio of the air-fuel mixture taken in the cylinder always kept 
substantially constant. In this case, the relation QJQi = Qa'/Qi' (constant) is established, so that the 
65 fluctuation of the mixture rate in the cylinder at every cycle is eliminated. Because fuel is supplied 
simultaneously with the metering of air, the delay of fuel supply by one cycle as shown in Fig. 3A is 
prevented. 

Rg. 4 shows tiie suction air quantity Qa In one cylinder, the quantity Qt of fuel and tiie air-fuel ratio A/F 
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of an air-fuel mixture in the cylinder when an accelerator pedal is depressed. The diagram (a) of Fig. 4 
shows the characteristics in the conventional apparatus. In general, as accelerator pedal is depressed, the 
suction air quantity increases. In the conventional apparatus, the supplied fuel quantity is delayed by one 
cycle as shown in Fig. 3A so that the A F in the cylinder is out of the constant value in the way of change of 

5 the suction air quantity Qa- 

The diagram of Rg. 4B shows characteristic of the apparatus according to the present invention. 
According to the present invention, fuel proportional to section air is supplied simultaneously with the 
metering of suction air. Accordingly, the delay in fuel supply by one cycle is eliminated so that the A/F in 
the cylinder is always kept constant. 

JO In other words, in the case of the diagram of Rg. 4A. the A/'F in the cylinder once becomes lean when 
the accelerator pedal is depressed, and then becomes more or less rich so as to be converged into a 
constant value. Because the A/F becomes lean temporally at the time of acceleration, torque is lowered 
temporally so that breathing and surge occurs. 

On the other hand, according to the present invention, the AF in the cylinder can be always kept 

15 constant even at the time of acceleration, so that torque is not lowered and no breathing and no surge are 
caused. 

Fig. 1 shows an embodiment of the present invention based on the aforementioned thought. In this 
embodiment, individual-cylinder air flow sensors 3 for detecting the air quantities sucked into respective . 
cylinders 5 and fuel supply units 4 for supplying fuel into the respective cylinders 5 are provided in 

20 respective air-intake ports 2 of a suction pipe 1. When an Intake valve 7 Is opened so that a piston 6 comes 
down in one of the cylinders, air flow occurs in the corresponding air-intake jjort 2. The quantity of the 
flowing suction air is detected by the corresponding individual-cylinder air flow sensor 3. Simultaneously 
with the detection of the suction air quantity, the corresponding fuel supply unit 4 constituted by an injection 
valve is caused to supply fuel by a control circuit 8. The control circuit 8 is connected to a microcomputer 9 

25 to perform various kinds of correcting operations which will be described later. 

Fig. 2 show the relation between fuel and Ignition in each cylinder in such a 4-cylindered 4-cycle engine 
as shown in Rg. 1. First suction air is produced in the cylinder No. 1. The suction air quantity is detected 
by the individual-cylinder air quantity sensor 3 provided in the air-intake port 2 of the cylinder No. 1. 
Simultaneously with the detection of the suction air quantity, fuel Qf is supplied through the injection valve 4 

30 of the cylinder No. 1 . Then, ignition of the air-fuel mixture is carried out by an ignition plug. Next, suction air 
is produced in the cylinder No. 3. The suction air quantity is detected by the Individual-cylinder air flow 
sensor 3 provided in the air-intake port 2 of the cylinder No. 3. Simultaneously with the detection of the 
suction air quantity, fuel Is supplied through the injection valve 4 provided in the air-intake port of the 
cylinder No. 3. Thereafter, suction air is produced successively In the cylinders No. 4, No. 2 and No. 1. 

35 Thus, the aforementioned operation is repeated. 

Rg. 5 shows an example of the inside of the control circuit 8. This example shows the case where the 
individual-cylinder air flow sensor 3 provided in each air-intake port 2 produces an analog output. The 
analog output of the individual-cylinder air flow sensor 3 is voltage-to-frequency (VF) converted by a 
conversion circuit 10. That is, an ON-OFF signal having a frequency proportional to the analog output 

40 voltage is output from the conversion circuit 10. Variable resistors 11 and 12 serve to adjust a zero point 
and a span value. The thus frequency-converted signal F is supplied to a modulation circuit 13. In the 
modulation circuit 13, the frequency of the signal F is modulated from F to F based on a signal given from 
the microcomputer 9. The modulation is carried out in order to correct the fuel quantity based on various 
kinds of parameters 14 which are applied to the microcomputer 9. The "various kinds of parameters'* for 

45 correction include, for example, a cooling water temperature, a suction air temperature, a battery voltage, a 
desired air-fuel ratio, an air-fuel ratio feedback, etc. The correction based on such various kinds of 
parameters may be carried out slowly within a range of several cycles. In short, there is no necessity of 
carrying out the correction in one air-intake stroke. Accordingly, the microcomputer 9 is not used 
exclusively for this purpose. The frequency signal f' thus modulated is supplied into a drive circuit 15 of 

50 the injection valve 4. Fuel of the quantity proportional to the frequency f' is supplied into the air-intake port • 
2 through the drive circuit 15 and the injection valve 4. 

In the case where the output signal of each individual-cylinder air quantity sensor 3 per se is a 
frequency signal, the V'F conversion circuit is not necessary and the output signal is supplied directly into 
the modulation circuit 13. 

55 Rg. 6 shows flow charts of the operation of the circuit depicted in Rg. 5. In Rg. 6A. the diagram (a) 
shows the suction air quantity Qa- Each Individual-cylinder air quantity sensor 3 generates an analog output 
(not shown) proportional to the suction air quantity. The analog output Is frequency-converted by the 
conversion circuit 10. The thus converted frequency signal is shown in the diagram of Fig. 6B. The suction 
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air quantity Qa changes even In one air-intake stroke. The frequency signal shown in the diagram of Rg. 6B 
is subjected to the conversion corresponding to the change of the suction air quantity. In short the 
frequency of the signal shown in the diagram of Fig. 6B Is made low when t;ie suction air quantity is small, 
that is. in the vicinity of TDC and in the vicinity of BDC. On the contrary, when the suction air quantity is 

5 targe, that Is, in the vicinity of the middle of the air-intake stroke, the frequency of the signal is made high. 
In short, because the suction air quantity changes In one air-intake stroke, the frequency of the signal 
shown in the diagram of Rg. 68 is changed corresponding to the change of the suction air quantity. The 
diagram of Fig. 6C shows a signal obtained by modulating the frequency signal of the diagram of Rg. 68. 
The signal shown in the diagram of Rg. 6C is a signal represented by the symbol f' in Rg. 5. The signal 

ro shown In the diagram of Rg. 6C is supplied to the drive circuit 15. Because fuel of the quantity proportional 
to the frequency shown in the diagram of Fig. 6C is injected from the injection valve 4, the supplied fuel 
quantity changes corresponding to the suction air quantity in one air-intake stroke as shown in the diagram . 
of Rg. 6D. 

By the aforementioned method, fuel of the quantity corresponding to the suction air quantity can be 

75 supplied simultaneously with suction of air. Because fuel is supplied while the suction air quantity is 
metered, the concentration of the air-fuel mixture in the cylinder in every cycle is kept constant to prevent 
fluctuations of the output torque in the engine. Further, because the air-fuel mixture rate in the cylinder is 
kept constant even in accelerating operation as described above, the fluctuation of the torque can be 
eliminated so that there is no occurrence of breathing and surge. Further, because the fuel quantity 

20 changes proportionally to the change of the suction air quantity as shown in Rg. 6. the mixture rate of the 
air-fuel mixture taken in the cylinder is always kept constant with respect to crank angle in the air-intake 
stroke. Accordingly, the air-fuel mixture distribution in the cylinder is unlformalized to thereby stabilize 
combustion. Consequentiy, the engine is improved in stability, so that stable running can be made with no 
fluctuation of the torque even in Idle running or the like. 

25 Fig. 7 shows an embodiment of the injection valve 4. In Rg. 7 the reference numeral 20 designates an 
electrostrictor for inducing distortion corresponding to the quantity of electricity applied to the electrostrictor. 
In short, the Glectrostrictor 20 is expanded and contracted corresponding to the frequency signal f'. The 
distortion in the form of vibration is transmitted to a disc 23 through rods 21 and 22. The disc 23 moves 
vertically corresponding to the frequency of the frequency signal. Fuel supplied from a passage 24 is 

30 injected through injection holes 25 corresponding to the vertical motion of the disc 23. In short, fuel is 
injected through the injection holes 25 while the frequency signal is being applied to the electrostrictor 20. 

The pressure sensor 3 serving as each individual-cylinder air quantity sensor 3 is arranged so that the 
pressure of the air-intake port is led to a sensor portion through a pressure-receiving hole 27 and a passage 
28. The pressure sensor 3 Is provided Integrally with a flange portion of the injection valve 4. 

36 Rg. 8 shows the flow rate characteristic of the fuel quantity Qf. In Fig. 8, Wp represents a period in 
which tiie frequency signal is being applied to the electrostrictor 20. that is. the period con'esponds to a 
period of one air-intake stroke In this embodiment. In Rg. 8, the parameters Fi , F2 and F3 respectively 
represent frequencies of signals applied to the eiectrosti'ictor. In the case where F is constant, Q{ increases 
as Wp increases. Rg. 9 shows another characteristic, In which under the condition that Wp is constant, Qf 

40 increases as the frequency F increases. 

Fig. 10 shows the characteristic of the individual-cylinder air quantity sensor 3. Because the analog 
output increases as the air quantity Qa Increases, the frequency F after V/F conversion increases. The 
relationship between Wp and the engine speed N is as follows 



Accordingly, in the case where the engine speed N is used as a parameter, the flow rate characteristic of 
the injection valve 4 is as shown in Rg. 11. In Rg. 11, the ordinate represents the fuel quantity per air- 
intake stoke, that is, Qf/5t. In tiie case where the engine speed N Is constant, Q|/a, incrtf-ases as the 
frequency F increases. In the case where the frequency F Is constant, Q/ai decreases as the igine speed 

50 N increases. Because the frequency F is proportional to the suction air quantity Qa and because Qf/5t is 
proportional to the frequnecy F, the mixture rate of the air-fuel mixture can be always kept constant. 

Rg. 1 2 shows another example of the configuration of the injection valve 4. Also in the injection valve 4 
shown in Fig. 12, tiie fuel quantity Qi is changed based on ttie frequency signal. When the frequency signal 
Is applied to an electrostrictor 30, a horn 31 vibrates. A ball 32 moves vertically with the vibration of the 

55 horn 31 , so that fuel supplied from a passage 33 is injected through an injection hole 34. When the fuel is 
injected, the fuel is decomposed into finer particles through an end surface 35 by the vibration of the horn 
31. Accordingly, tiie particle size of fuel injected becomes not more tiian 40 um. In this example, the 
individual-cylinder air quantity sensor 3 Is attached on a flange portion integrally tiierewith. 
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Rg. 13 shows the characteristic of the fuel quantity Q|. Also in this case, similarly to the foregoing 
injection valve. Qt Increases proportionally to the frequency F. 

Rg. 14 shows a specific example of the configuration of the control circuit 8. 

In Rg. 14. the reference numeral 40 designates a discrimination switching circuit for discriminating the 
5 cylinder to change-over switches SW1 to SW4. The reference numeral 3 designates individual-cylinder air 
flow sensors provided in cylinders respectively. The reference numeral 10 designates a V F conversion 
circuit. 13 a frequency modulation circuit, 15 a drive circuit and 4 injection valves respectively provided in 
the cylinders. To make the V/F conversion circuit 10, the frequency modulation circuit 13 and the drive 
circuit 15 be used commonly by the individual-cylinder air flow sensors 3 and the injection valves 4. the 
10 switches SW1 to SW4 are provided. As described above, conrectlon of the fuel quantity is carried out by the 
modulation circuit 13 based on various kinds of parameters 14 Inputted into the microcomputer 9. 

The cylinder number is discriminated by the discrimination switching circuit 40 based on a reference 
signal "ref" to thereby turn ON and OFF the switches SW1 to SW4. In the case where, for example, the 
cylinder No. 1 is selected, only the switch No. 1 is turned ON and the switches SW2 to SW4 except SWI 
T5 are turned OFF. The operation as described above with reference to Fig. 5 is carried out corresponding to 
the respective cylinders. 

Rg. 15 shows a specific example of the configuration of the discrimination switching circuit 40. The 
reference signal "ref is a signal having a pulse width which varies to be different for every cylinder to 
make it possible to discriminate the cylinders as shown in Rg. 16. In a voltage generation circuit 41. a 

20 voltage value Vp corresponding to the pulse width of the signal "ref" is generated. By comparators C0MP.1 
to C0MP.4, the voltage value Vp is compared with reference values Vren to V,ef4 provided for the purpose of 
discrimination of the respective cylinders. Based on the comparison, signals are Issued to the switches 
SWI to SW4 through AND circuits AND1 to AND4. When, for example. Vp is a voltage corresponding to the 
cylinder No. 1, all of the comparators C0MP.1 to C0MP.4 produce Hi (high) signals. As a result, only the 

25 AND circuit AND1 produces a Hi signal. Accordingly, only an output signal "out"1 becomes Hi, so that only 
the switch SWI Is turned ON. When, for example, Vp corresponds to the cylinder No. 2, only an output 
signal **out"2 becomes Hi. 

Rg. 16 shows the operation of the circuit depicted In Rg. 15. 

In Fig. 16. * represents a clock pulse signal of the microcomputer, which has a frequency of the order 
30 of MHz. The reference signal "ref" in which pulses are generated at intervals of 180*. the pulses having 
pulse widths corresponding to the respective cylinders. By counting the pulse width based on the clock 4 of 
the microcomputer. Vp is increased. Accordingly, Vp decreases as the pulse width decreases. On the 
contrary. Vp Increases as the pulse width Increases. In short, Vp is proportional to the pulse width. The value 
of Vp is compared with reference voltages Vreil to Vref4 in the respective comparators C0MP.1 to C0MP.4 
35 so as to discriminate the cylinders. 

The states of the respective comparators COMP.I to C0MP.4 are shown in Table 1. 

TABLE 1 



40 





COMPARATOR 




1 


2 


3 


4 


outi 


ON 


ON 


ON 


ON 


out2 


OFF 


ON 


ON 


ON 


out3 


OFF 


OFF 


ON 


ON 


out4 


OFF 


OFF 


OFF 


ON 



50 

When, for example, all of the output signals of the comparators COMP.I to C0MP.4 are turned ON (Hi), 
only the AND circuit AND1 Is turned ON (Hi). Accordingly, only the output signal "out"1 is turned ON. 
When, for example. Vp is increased to a value between Vreil and Vroi2, the comparators C0MP.2 to 
C0MP.4 except the comparator COMP.I are turned ON. Accordingly, only the AND circuit AND2 is turned 
ON. so that only the output signal '*out''2 is turned ON. Similarly, the output signals "out*'3 and "outM are 
successively turned ON corresponding to the respective cylinders. When the output signals "out"1 to 
"out"4 are successively turned ON. the switches are turned ON so that the individual- cylinder air quantity 
sensors 3 and the injection valves 4 are successively connected corresponding to the cylinders. 
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Figs. 17 and 18 show the configuration and operation of the modulation circuit 13. Fig. 17 shows an 
example of the configuration of the modulation circuit 13. Correction parameters 14 are supplied to the 
microcomputer 9 so that a correction value Is calculated based on these values of the parameters and 
modulated by the modulation circuit 13. 
5 In Rg. 18. a counter performs counting up as shown in the diagram of Rg. 18B based on the frequency 

signal F shown in the diagram of Rg. 18A. The count-up value is compared with a value Gi corresponding 
to the correction value. When the count-up value is larger than Ci , the count value is reset, and, at the 
same time, pulses having a predetermined pulse width are generated as shown in the diagram of Fig. 18C. 
The frequency of the pulse signal takes a modulated value f'. In the case where the correction value is 
10 changed, the reference value takes a value C2, so that the modulated signal takes a frequency value f" as 
shown in the diagram of Rg. 18D. 

As described above, the frequency signal Is modulated based on the conrectlon value. For example, the 
modulation circuit 13 may be constituted by a universal pulse processor. 

Rg. 19 shows a flow chart of the microcomputer In the case where the fuel quantity Is corrected. The 
75 flow chart is started by a timer 1. Rrst. various kinds of correction values 14 are read in Step 190. Next, the 
quantity of correction Is calculated based on the values in Step 192. Next, the quantity of correction is 
reduced into the frequency signal in Step 194 and then supplied to the modulation circuit in Step 196, for 
example, In the form of a signal Ci or 62 as shown In tiie diagram of Rg. 18B. There is no necessity of 
carrying out the flow chart at every air-Intake stroke. This is because the changes of the cooling water 
20 temperature, the suction air temperature, the battery voltage and the like are slow. The real-time property of 
the timer 1 Is not required as long as the timer 1 can be operated at intervals of a period within a range of 
from 100 ms to 140 ms. 

Rg. 20 shows the condition of modulation based on a desired air-fuel ratio (A/F)rei. Because (A/F),ef is 
programmed on a map by reference to the engine speed N and the engine load, these values are read first 

25 in Steps 200 and 202 to find (A/F)ret in Step 204. Next, the value is reduced into the frequency signal in 
Step 206 and supplied to the modulation circuit in Step 208. 

Fig. 21 shows a flow chart for switching or turning ON/OFF the switches SW1 to SW4 depicted in Rg. 
14 by means of software. That Is. the circuit depicted in Rg. 15 Is carried out by means of software. The 
flow chart is carried out by "ref-interrupton. When the reference signal "ref" comes In, the pulse width of 

30 the signal is discriminated in Steps 210 through 214. When the reference signal "ref" has a value "ref "1. an 
ON signal Is supplied to the switch SW1 corresponding to the cylinder No. 1 in Step 216. When ttie 
reference signal "ref" has a value "ref "2. an ON signal is supplied to the switch SW2 in Step 218. When 
the reference signal "ref" has a value "ref "3 or "ref"4. an ON signal is supplied to the switch SW3 or SW4 
in Step 220 or 222. Because the current computer is high in its calculation speed, the operation can be 

3$ realized by using the aforementioned method without using such a hardware circuit as shown In Rg. 15. 

Fig. 22 shows a further example of the configuration of the injection valve In the case where another 
individual-cylinder air quantity sensor is used. In this example, a hot-wire air flow meter is used. As shown 
In Fig. 22, an outer cylinder 50 Is provided In the outer circumference of the Injection valve 4 and a passage 
51 is provided In the outer cylinder 50 so that a hot wire 52 is an^anged in the passage 51. The passage 51 

40 is communicated with an outiet 54 through a silt 53 as shown in Fig. 23. 

Assuming now that the air flow is a forward flow which is to be sucked into the engine as shown in the 
solid line, then dynamic pressure acts on the hot wire 52 so that the air flow can be measured. On the 
contrary. In the bcase where the air flow Is a reverse flow which flows backward from the engine as shown 
In the broken line, the reverse flow cannot be detected by the hot wire 52 because the outlet 54 is located 

45 In a static pressure side with respect to the flow. By means of the thus configured Individual-cylinder air 
flow sensor, the quantity of air sucked into the engine can be measured exactly. Also in this case, Injection 
valves 4 and individual-cylinder air flow sensors are correspondingly provided for the respective cylinders. 

In the hot wire air flow meter, the relationship between Qa and the output voltage V is nonlinear as 
shown In Rg. 24. In the V/F converter, however, the relationship between the input voltage and the output 

50 frequency F is linear as shown in Fig. 25. In this case, therefore, it is necessary that the characteristic as 
shown in Rg. 24 Is stored in advance In the microcomputer so as to make conrection at the time of 
determination of the fuel quantity. Rg. 26 is a circuit block diagram showing an example of the method of 
correction. The signal from the individual-cylinder air flow sensor 3 is subjected to V/F conversion in the 
frequency conversion circuit 10. and. at the same time, smoothened by a smoothing circuit 55. The 

55 resulting signal is supplied Into the microcomputer 9 in the form of an Input signal Vin. A reference value 
Ch/w for modulation as shown in the diagram of Rg. 16B is supplied from the microcomputer 9 to the 
modulation circuit 13 so that correction is canried out upon the hot-wire (HA/V) output. The relationship 
between Vr„ and Ch/w is shown in Fig. 27. The characteristic in Rg. 27 is found from the characteristic in 
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Rg. 24. By using the aforementioned method, any type sensor exhibiting a nonlinear output value can be 
used. Other operations are similar to those in the case where the aforementioned pressure sensor is used. 

Although Rg. 14 shows the case where the circuits 10, 13 and 15 are used commonly by time-division 
through the switches SW1 to SW4 for the purpose of cost saving, the present invention can be applied to 

5 the case where those circuits 10. 13 and 15 are provided for every cylinder. \n the case where the engine is 
a six-cylindered engine or an eight-cylindered engine, the circuits 10. 13 and 15 are provided for every 
cylinder, or two or three combinations of the circuits 10, 13 and 15 are provided because the air-intake 
strokes for the respective engines are overlapped with each other. 

In the following, a method for determining the fuel quantity corresponding to the operation of the intake 

10 valve 7 as shown in Fig. 1 will be described as a further embodiment of the present invention. 

In Rg. 28. a pulse signal having a frequency corresponding to the quantity of displacement (quantity of 
lifting) of the intake valve is generated from a pulse generator 60 in the timing in which the intake valve is 
opened based on the signal of a crank angle sensor 59. The pulse generation can be programmed in 
advance in the pulse generation circuit 60. In short, this method is based on the thought that the air quantity 

15 at the inlet of the cylinder is proportional to the quantity of displacement of the intake valve. In the case 
where the engine speed is constant, the frequency signal does not change because the operation of the 
intake valve does not change though the load changes. Therefore, the frequency signal must be changed 
suitably corresponding to the load. For this purpose, a load signal is obtained by an accelerator opening 
sensor 63. When the accelerator opening is large, the frequency is established to be large through the 

20 modulation circuit 61. When the accelerator opening is small, the frequency is established to be small. 
Modulation based on various correction parameters 14 is carried out in the same manner as described 
above. The reference numeral 9 designates a microcomputer. According to the aforementioned method, 
there is no necessity of providing the individual-cylinde air flow sensor 3 for every cylinder. Fig. 29 shows 
the operation in the case where the accelerator opening is changed. In Fig. 29. the diagram of Rg. 29A 

25 shows the accelerator opening, the diagram of Fig. 29B shows the quantity of lifting of the intake valve, and 
the diagram of Rg. 29C shows the output value of the pulse generation circuit which generates a frequency 
F corresponding to the quantity of lifting of the intake valve. The frequency F does not change though the 
accelerator opening changes, while the frequency changes with respect to the crank angle. The frequency F 
shown in the diagram of Rg. 29C is modulated based on the accelerator opening. The diagram of Fig. 29D 

30 shows the frequency signal p' thus modulated. When the accelerator opening is small, the frequency F is 
modulated to a small value. When, on the contrary, the accelerator opening is large, the frequency F takes 
a large value. When the signal as shown in the diagram of Fig. 29D is supplied to the drive circuit 62 as 
shown in Rgs 28. the quantity Qi of fuel injected from the injection valve 4 changes as shown in the 
diagram of Rg. 29E. In this embodiment, Qr increases as the accelerator opening increases. Further. Qf 

35 changes proportionally to the quantity of lifting of the intake valve which is open. According to the 
aforementioned method, the same effect can be attained. 

Rg. 30 is a flow chart of the microcomputer 9. The flow chart is provided to modulate the frequency F 
based on the accelerator opening. Because the flow chart must be carried out for every air-intake stroke, 
the flow chart is started by "ref "-interruption. 

40 When the program is started, the accelerator opening is taken-in in Step 300, The quantity of fuel to be 
injected corresponding to the taken-in accelerator opening is determined in Step 302. Then, a slice level 
such as for example Ci or the like as shown In the diagram of Rg. 188 is determined in Step 304 and then 
supplied to the modulation circuit 62 in Step 306. 

The method of correction based on various kinds of parameters 14 is carried out in the same manner 

45 as described above. 

Although this embodiment has shown the case where the accelerator opening is used as a quantity 
exhibiting the load on the engine, the same effect can be attained in the case where the opening of a 
throttle valve Is used as a quantity exhibiting the load. 

Fig. 31 shows the operation in the case where the embodiment shown in Rg. 28 is simplified. In Rg. 
50 31. a POS signal having a frequency corresponding to the crank angle as shown in the diagram of Fig. 31 A 
is generated. When the intake valve is opened as shown in the diagram of Fig. 31 B. a gate signal as shown 
in the diagram of Rg. 31 C is generated. The POS signal Is passed only when the gate is opened. The 
frequency signal is as shown in the diagram of Rg. 31 D. The frequency signal F is modulated based on the 
accelerator opening to form a signal having a frequency f' as shown in the diagram of Fig. 31 E. The fuel 
55 quantity Qf as shown in the diagram of Rg. 31 F is supplied from the injection valve 4 based on the signal. 

In this embodiment the fuel quantity Qi does not change corresponding to the quantity of lifting of the 
intake valve. However, the mixture rate is kept substantially constant if the fuel quantity is averaged in the 
air-intake stroke. 
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Rg. 32 shows another method different from the method shown in Rg, 31. In Rg. 32. the POS signal 
shown in the diagram of Rg. 32A is subjected to frequency-dividing to form a signal having a frequency as 
shown in the diagram of Rg. 32B. Because the fuel quantity must be increased in the middle of the intake 
valve opening period as shown in the diagram of Rg. 32C, a gate signal corresponding to the middle of the 

5 period is produced as shown in the diagram of Rg. 32D. Another gate signal is produced in the other 
portion of the period. The signal having a high frequency as shown in the diagram of Rg. 32A Is passed 
based on the gate signal as shown in the diagram of Rg. 32D, whereas the frequency-divided signal as 
shown In the diagram of Rg. 328 Is passed based on the gate signal shown In the diagram of Rg. 32E. The 
resulting signal thus produced is shown In the diagram of Rg. 32F. The signal shown in the diagram of Rg. 

10 32F is modulated based on the accelerator opening in the same manner as described above and then 
supplied to the drive circuit 62 to attain an injection pattern of the fuel quantity Qi which changes as shown 
in the diagram of Rg. 32G. According to the aforementioned method, the same effect as in Rg. 29 can be 
attained by a simple method. 

Rgs. 33 through 35 show the relationship between the pulse signal and the fuel quantity. The signals F 

75 respectively shown In the diagram of Rg. 29C, in the diagram of Rg. 31 D and in the diagram of Rg. 32F 
are generated to have the same number n of pulses per air-intake stroke regardless of the engine speed as, 
shown by a solid line in Rg. 33. 

The frequency is modulated so that the frequency Increases as the quantity d^c of depression of the 
accelerator Increases, as shown In Fig. 34. When the modulation is carried out as described above, the fuel 

20 quantity per an air-intake stroke increases monotonically with respect to the quantity of depression of the 
accelerator as shown In Fig, 35. 

As another method, the number n of pulses may be determined so that n decreases as the engine 
speed N increases, as shown by tiiel)roken line In Rg. 33. This is a method""to attain the characteristic 
under the consideration that the cylinder filling efficiency decreases as the engine speed N Increases. 

25 As a furtiier method, the frequency may be established to be nonlinear with respect to the quantity dao 
of depression of the accelerator as shown by the broken line In Rg. 34. This Is a method In the case where 
the response sensitivity of a car against its accelerator is matched with the requirements of its driver. 

Fig. 36 shows a specific ample of the configuration of the aforementioned method. In Fig. 36, the POS 
signal and the "ref" signal are supplied into a frequency signal generator 70 and then supplied into a 

30 modulation circuit 61 through a gate circuit 71 . In this case, the frequency F Is modulated to a frequency f' 
based on pushing-quantity correction parameters 14 obtained from an accelerator sensor 63 and then is 
given to a drive, circuit 62. The switches SW1 to SW4 are turned ON successively based on the signal 
obtained from the cylinder discrimination circuit 40, so that Intake valves 4 are driven successively. As 
another method, the frequency signal generator 70, the gate circuit 71. the modulation circuit 61 and the 

35 drive circuit 62 may be provided for every cylinder without using the switches SW. 

In the case where the charts as shown In Rg. 32 are carried out, a gate circuit 71 A is provided in 
addition to the gate circuit 71 as shown in Fig. 36. In this case, the gate circuit 71 serves to pass the signal 
having a frequency as shown in the diagram of Fig. 328 and the other gate circuit 71 A serves to pass the 
signal having a frequency as shown in tiie diagram of Rg. 32A. The gate circuits are linked so that the gate 

40 circuit 71 A is opened when the gate circuit 71 Is closed after once opened and then the gate circuit 71 is 
opened again when the gate circuit 71 A is closed. 

In the following, a method for supplying fuel corresponding to the operation of the intake valve at the 
time of air-Intake of a cylinder based on the metering of the air quantity at an inlet of the cylinder through 
an air quantity sensor provided in a suction pipe collecting portion will be described as a further 

45 embodiment of the present Invention. 

Fig. 37 shows an example of the configuration of an injection systems provided with an air flow sensor 
81 in a suction pipe collecting portion on tiie upstream side of a throttle valve 80. In Rg. 37, the air quantity 
sensor 81 is provided in the form of a hot wire sensor so that the output signal thereof Is supplied to a 
control circuit 82. The control circuit 82 calculates the quantity of air at the Inlet of the cylinder based on the 

so detection output of the air flow sensor 81 so as to determine the fuel quantity corresponding to the suction 
air quantity, and supplies a fuel signal to the Injection valve 4 of the corresponding cylinder. 

Rg. 38 shows an example of the configuration of the control circuit 82. A frequency signal proportional 
to the quantity of lifting of the Intake valve is produced by a frequency signal generator 84 based on the 
signal of a crank angle sensor 83. The frequency signal F is modulated to a frequency signal f' by a 

65 frequency modulation circuit 85 and then supplied to a drive circuit 86. Then, the signal is supplied to the 
injection valve 4 of corresponding one of the cylinders selected by the switches SW1 to SW4. The 
modulation in the frequency modulation circuit 85 is carried out by tiie microcomputer based on tiie signal 
obtained from the air flow sensor 81 while using the correction values 14. In short, means for detecting the 
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quantrty of depression of the accelerator in Rg. 28 is replaced by the air quantity sensor 81 provided in the 
suction pipe collecting portion. 

Rg. 39 shows the operation in this embodiment. In Rg. 39. the diagram of Rg. 39A shows the change 
of the quantity of depression of the accelerator pedal. The diagram of Rg. 39B shows the change of the 

5 suction air quantity with the change of the quantity of depression of the accelerator. In the diagram of Rg. 
39B, the solid line shows the true quantity of air sucked into the cylinder, and the broken line shows the 
output of the air flow sensor 81. The output of the air flow sensor 81 has a characteristic so that the phase 
of the output is ahead compared with the phase of the true suction air quantity because of repletion in the 
suction pipe in the downstream side of the throttle valve. Therefore, the output of the sensor is corrected to 

10 find the true suction air quantity in the next cycle. In short, the output value at the point of time represented 
by the symbol • Is found from the output value at the point of time represented by the symbol O in the 
diagram of Fig. 39B. The output value can be found by substituting the volume of the suction pipe, the 
engine speed N. the throttle valve opening and the like into a differential equation exhibiting the fluidal 
motion of air. As another method, the correction may be carried out by finding a correction value based on 

75 a map of parameters as described above. In any case, the suction air quantity at the Inlet of the cylinder in 
the next stroke with respect to the point of time of detection by the sensor can be found. The suction air 
quantity at the point of time represented by the symbol • is found at the point of time represented by the 
symbol O in the diagram of Rgs 398. so that the fuel quantity Qfo proportional to the suction air quantity is 
determined. Fuel of the thus determined quantity Qfo is supplied in the next stroke. The diagram of Fig. 39C 

20 shows the quantity of lifting of the intake valve. A frequency signal F corresponding to the lifting quantity 
shown in the diagram of Rg. 39C is generated in the frequency signal generator 84 as shown in the 
diagarm of Rg. 39D. Then, the signal is modulated to a frequency signal f' based on the found value Qro 
as shown in the diagarm of Fig. 39E. so that fuel Qf is supplied from the injection valve 4 through the drive 
circuit 86. 

25 Although this embodiment has shown the case where injection valves each using an electrostrictor to 
change the flow rate based on the frequency signal are used as fuel supply units, a further embodiment 
using injection valves based on another theory will be described hereunder. 

The injection valve 4 as shown in Fig. 40 is of the type in which the flow rate changes corresponding to 
the duty ratio. To attain a high-speed operation, a voice coil 90 Is used. When the coil 90 is excited, a 
. 30 needle 92 ascends based on the operation of the coil 90 and a magnet 91 , so that fuel supplied from a 
passage 93 is injected through an injection hole 94. When the exitatlon is eliminated, the needle descends 
based on the operation of a spring 95 so that the injection is stopped. 

Fig. 41 shows the relationship between the duty signal and the fuel quantity Qf. In Fig. 41, in the case 
of low-speed driving, the duty ratio corresponding to the detection value of the suction air quantity as shown 
35 in the diagram of Fig. 41 A is determined based on the detection value. The thus obtained duty signal is 
shown in the diagram of Rg. 418. Fuel of the quantity proportional to this duty signal is Injected from the 
injection valve. This condition is shown in the diagram of Fig. 41 C. Although the drawings have shown the 
case where one air-intake stroke is divided into six equal parts, the number of division can be increased to 
approach the change of the fuel quantity Qf to the change of the air quantity Qa if the response 
40 characteristic of the Injection valve permits It. 

In the case of high-speed driving, the suction air quantity Qa increases. Accordingly, the duty ratio 
increases, so that the fuel quantity increases. 

Rg. 42 Is a block diagram of a circuit for carrying out the aforementioned operation. The output from 
the air quantity sensor 3 is converted into a duty signal D by a duty generation circuit 96. With correction 
45 parameters 14. the duty signal D is converted further into a duty signal d' which is supplied to a drive 
circuit 98. The drive circuit 98 actuates the injection valve 4 to supply the fuel of the quantity proportional to 
the duty signal d'. 

Fig. 43 shows a further example of the configuration of the injection valve 4. This is a so-called 
proportional control valve in which an armature 101 moves vertically proportionally to the quantity of 
so electricity when the analog quantity of electricity is applied to a coil 100. As a result, a needle 102 moves 
vertically in an analog manner, so that the effective sectional area of an orifice 104 changes in an analog 
manner. As a result, fuel supplied from a passage 103 is injected through tiie orifice 104. 

Rg. 44 is a block diagram of a control circuit using the Injection valve depicted in Fig. 43. The output 
value of the air flow sensor 3 is functionally converted Into a suitable analog value by a function converter 
55 105. The signal of the microcomputer 9 is D/A converted by a circuit 108 and then corrected by an adder- 
subtracter circuit 106. Then, fuel of the quantity corresponding to the detection value of the sensor 3 is 
supplied from the injection valve through a drive circuit 107. 

The control circuit except the sensor 3 and the injection valve 4 in Rgs. 42 and 44 may be replaced by 
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the frequency conversion circuit 10. the frequency conversion circuit 13 and the drive circuit 15 depicted in' 
ng. 14. 

Rg. 45 shows an example of the configuration of the injection valve, particularly, suitable for the 
embodiment in Rg. 37. 

5 An injection valve 110 Is an ordinary ON/OFF valve in which a ball valve 111 ascends to inject fuel out 
of an injection hole only during application of a voltage to a coil 112. The injected fuel Is kept in a passage 
114. When suction air Is then produced in the direction of the arrow by opening the intake valve, fuel of the 
quantity proportional to the quantity of suction air passing through the orifice is injected. This is based on 
the theory of spraying constructed by the orifice 115 and the passage 114. Because the suction air quantity 

10 and the injected fuel quantity are proportional to each other, the mixture rate of the air-fuel mixture thus 
formed is kept substantially constant. In this example, fuel must be supplied into the passage before air 
intake. Accordingly, this example is suitable for the embodiment depicted in Rg. 37. 

Fig. 46 shows the relationship between the air quantity Qa and the fuel quantity Qf In the case where 
the injection valve depicted In Rg. 45 is used. As shown In the diagrams of Rgs. 39A and 39F. the air 

15 quantity Qa in the next cycle is found as shown In the diagram of Fig. 39B by detecting the air quantity Qa 
as shown in the diagram of Rg. 46A and correcting the quantity. The fuel quantity Qi is determined based 
on Qa and Injected into the passage 1 14 as shown in the diagram of Rg. 39B. When the actual quantity Qa 
is then produced as shown in the diagram of Rg. 39C. the fuel quantity Qi is injected Into the suction pipe 
as shown In the diagram of Fig. 39D based on the operation of the orifice 115. The fuel quantity Qf as 

20 shown in the diagram of Rg. 39D changes corresponding to the crank angle in the air-intake stroke. 

Fig. 47 shows a further example of the Injection valve depicted in Rg. 45. The injection valve 4 is ?;r. 
ordinary ON/OFF valve in which fuel is injected according to an Instruction of the microcomputer 9. Tne 
injected fuel is reserved in a fuel storage 120. Thereafter, an air electromagnetic valve 121 is opened in the 
air-intake stroke of a corresponding cylinder to supply air flow to the storage, so that the stored fuel is 

25 Injected Into an air-intake port 1 22. This carries out the operation as shown in the charts of Rg. 46. 

Rg. 48 shows a further example of the injection valve. In this example, the effective area of an injection 
slit 131 is changed by operating a diagram 130. This injection valve is suitable for the embodiment depicted 
in Rg. 37. The fuel quantity is determined in the preceding stroke, so that the diameter of the injection hole 
131 is changed at the time of air suction to determine the quantity of fuel to be Injected corresponding to 

30 the suction air quantity. 

Fig. 49 shows the relationship between the air quantity Qa and the fuel quantity Qf in the case where 
the injection valve depicted in Rg. 48 is used. In the case where the engine speed N is so large that the 
period of one air-Intake stroke Is short, the effective sectional area A of the orifice 131 is enlarged as shown 
in the diagram of Rg. 49B. As a result, fuel can be injected during the period of the air-Intake stroke. In the 

35 case where the engine speed is so small that a low speed is attained, the effective sectional area A is 
reduced as shoWn in the diagram of Rg. 49B so that fuel can be injected during the period. According to 
the aforementoned method, the air quantity Qa and the fuel quantity Qt can be approached to each other, 
though they are not perfectly correspond to each other. The operation of the diaphragm 130 is carried out 
by leading negative pressure from the passage 132. Because the operation of the diaphragm 130 can be 

40 carried out corresponding to the engine speed N, so speedy operation is not required. Further, the metering 
of fuel is carried out based on the ball opening period of the ball valve 133. 

Rg. 50 shows the relations between the air quantity Qa, the fuel quantity Qf, and the mixture rate A/F in 
the embodiment depicted In Rg. 1. In Rg. 50. when the air quantity Qa is produced as shown in the 
diagram of Rg. 50A. the air quantity Qa is detected by the air flow sensor 3. Then, the signal from the 

45 sensor Is subjected to V/F conversion and modulated. The frequency signal f' thus modulated is obtained 
as shown in the diagram of Rg. 50B. The fuel quantity Qf corresponding to the frequency signal F is 
supplied as shown in the diagram of Rg. 50C. Because the fuel quantity Q| and the air quantity Qa are 
proportional to each other, the air-fuel ratio A/F of the air-fuel mixture taken in the cylinder Is kept 
substantially constant in the alr-lntake stroke as shown in the diagram of Rg. SOD. Accordingly, the cylinder 

50 can be filled with the air-fuel mixture having a uniform concentration in the view of space. This condition is 
suitable for stable combustion. 

However, in a lean-burn engine operated in a lean limit in which the mixture ratio A/F is made larger, it 
Is preferable to use a method in which combustion-enable A/F is given only to the vicinity of the ignition 
plug while a lean mixture ratio A/F Is given to the other portions. 

55 As shown in Fig. 51, therefore, a signal f' having a large frequency relative to the air quantity Qa as 
shown in the diagram of Rg. 51 A is formed through conversion in the last stage of the air-Intake stroke as 
shown in the diagram of Rgs 51 B. The fuel quantity Q| Is changed as shown in the diagram of Rg. 51 C 
based on the frequency signal f' shown In the diagram of Rg. 51 B. As a result, the mixture ratio A/F 
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changes as shown in the diagram of Rg. 51 D in the air-intake stroke based on the relation between the air 
quantity Qa as shown in the diagram of Fig. 51 A and the fuel quantity Qi as shown in the diagram of Rg. 
51 C. 

According to the aforementioned method, the concentration of the air-fuel mixture in the cylinder has 

5 the distribution that the concentration is high in the vicinity of the Ignition plug and decreased toward the 
lower side. In short, a layer structure of the air-fuel mixture Is attained so that lean-burn can be realized. 

Rg. 52 shows an example to attain the method of Rg. 51. In Rg. 52. the air quantity Qa shown in the 
diagram of Rg. 52A Is detected by the air flow sensor 3. The air quantity Qa is passed through a circuit to 
give weight to the air quantity Qa relative to the crank angle as shown in the diagram of Rg. 52B to 

10 therefore form a correction air signal as shown in the diagram of Rg. 52C. The signal shown in the diagram 
of Rg. 52C is small when Qa is small, while the signal is large when Qa is large. In short, the signal is 
proportional to the air quantity Qa- Then, the correction air signal as shown in the diagram of Rg. 52C is 
subjected to V/F conversion to form a frequency signal F as shown in the diagrani of Rg. 52D. The 
frequency signal F is corrected as described above, modulated to a frequency signal f' and then supplied 

75 to the drive circuit to thereby form the fuel quantity Q| which changes as shown in the diagram of Fig. 52E. 
The fuel quantity Qf decreases as the air quantity Qa decreases. On the contrary, the fuel quantity Qf 
Increases as the air quantity Qa increases. 

Rg. 53 is a block diagram of a circuit for attaining the aforementioned control method. Rg. 53 is similar 
to Rg. 5 in the configuration of the air flow sensor 3. the V/F converter 10. the modulation circuit 13. the 

20 drive circuit 15 and the injection valve 4, except that a weight giving circuit 142 Is additionally provided in 
Rg. 53. The weight giving circuit 142 is a circuit for giving weight to the output of the sensor 3 as shown in 
the diagram of Rg. 32B relative to the crank angle. This circuit can be constituted simply by a sine wave 
generation circuit and a multiplier with respect to the crank angle. 

According to the present invention, the concentration of the air-fuel mixture in each cylinder becomes 

25 so uniform that stable combustion in every cycle can be attained. 

The mixture ratio in the cylinder takes a constant value at the time of acceleration in which the 
accelerator is depressed. Accordingly, the change of torque at the time of acceleration can be prevented. 
Consequently, there arises an effect that phenomena of breathing and surge do not occur. 

30 

Claims 

1 . An air-fuel mixture supply apparatus for an internal combustion engine comprising: 

cylinder air quantity detection means (3) for detecting the quantity of air at an inlet (2) to at least one 
35 cylinder (5); 

control means (8. 9. 10, 13. 15. 40) for calculating a quantity of fuel proportional to the output of said 
cylinder air quantity detection means to thereby generate a fuel supply signal for supplying fuel of the 
calculated quantity in an air-intake stroke of said cylinder; and 

fuel injection means (4) for injecting fuel in the ^r-intake stroke of said cylinder based on said fuel supply 
40 signal of said control means. 

2. An air-fuel mixture supply apparatus for an internal combustion engine comprising: 
individual-cylinder air quantity, detection means (3) for detecting the quantity of air at an inlet (2) to each of 
cylinders: 

control means (8. 9. 10, 13, 15. 40) for calculating a quantity of fuel proportional to the output of said 
45 individual-cylinder air quantity detection means to thereby generate a fuel supply signal for supplying fuel of 
the calculated quantity in an air-intake stroke of each of said cylinders: and 

fuel Injection means (4) for injecting fuel in the air-Intake stroke of each of said cylinders based on said fuel 
supply signal of said control means. 

3. An air-fuel mixture supply apparatus for an Internal combustion engine comprising: 
50 fuel injection means (4) provided for each of cylinders (5): and 

control means (3. 8. 9. 10. 13. 15, 40) for measuring a quantity of air to be sucked into each of said 
cylinders and for supplying a drive signal to said fuel injection means so that fuel of the quantity 
proportional to the measured air quantity is injected into the measured air. 

4. An air-fuel mixture supply apparatus for an Internal combustion engine comprising: 

55 individual-cylinder air quantity detection means (3) for detecting the quantity of air at an inlet (2) to each of 
cylinders (5); 

at least one operating condition detection means (14. 59. 63. 81) for detecting the operating condition of 
said intemal combustion engine; 



12 



EP 0 400 942 A1 



control means (8. 9, 10. 13. 15. 40. 60. 61. 62. 82) for calculating a quantity of fuel proportional to the output 
of said individual-cylinder air quantity detection means that the output of said operatng condition detection 
means to thereby generate a fuel supply signal for supplying fuel of the calculated quantity in an air-intake 
strolce of each of said cylinders; and 
5 fuel Injection means (4) for injecting fuel in the air-intake stroke of each of said cylinders based on said fuel 
supply signal of said control means. 

5. An air-fuel mixture supply apparatus for an internal combustion engine connpnsing: 

air-intake valve opening detection means for measuring the opening state of an air-intake valve of at least 
one cylinder (5); 

10 control means (8, 9. 10. 13, 15. 40, 60, 61, 62) for calculating a quantity of fuel proportional to the output of 
said air-intake valve opening detection means to thereby generate a fuel supply signal for supplying fuel of 
the calculated quantity in an opened state of said air-intake valve; and 

fuel injection means (3) for injecting fuel based on said fuel supply signal of said control means. 

6. An air-fuel mixture supply apparatus for an internal combustion engine comprising: 

76 cylinder air quantity detection means (3) for detecting the quantity of air at an inlet (2) to at least one 
cylinder (5); 

control means (9. 10, 13, 15, 142) for calculating a quantity of fuel proportional to the output of said cylinder 
air quantity detection means to thereby generate a fuel supply signal for supplying fuel of the calculated 
quantity in an air-Intake stroke of said cylinder under a condition that an air-fuel ratio in said cylinder 
20 becomes substantially constant over the air-Intake stroke of said cylinder; and 

fuel Injection means (4) for Injecting fuel In the air-intake stroke of said cylinder based on said fuel supply 
signal, of said control means to thereby make the air-fuel ratio In said cylinder substantially constant. 

7. An air-fuel mixture supply apparatus for an internal combustion engine comprising: 

cylinder air quantity detection means (3) for detecting the quantity of air at an inlet (2) to at least pone 
25 cylinder (5); 

control means (9. 10. 13, 15, 142) for calculating a quantity of fuel proportional to the output of said cylinder 
air quantity detection means to thereby generate a fuel supply signal for supplying fuel of the calculated 
quantity In an air-intake stroke of said cylinder under a condition that the concentration of the air-fuel 
mixture becomes high as the air-intake stroke approaches its termination; and 
30 fuel injection means (4) for injecting fuel in the air-intake stroke of said cylinder based on said fuel supply 
signal of said control means to thereby make the concentration of the air-fuel mixture excessively high In 
the vicinity of an ignition plug of said cylinder. 
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